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ABSTRACT 
Aim:  
The aim of this study is to compare, in a randomized clinical trial, the appearance 
improvement of white spot carious lesions (WSL) treated with resin infiltration (RI) – 
ICON®, 5% sodium fluoride (22,600 parts per million (ppm) with fluoride varnish (FV), 
and to assess the synergistic effect of adding Casein Phosphopeptide-Amorphous 
Calcium Phosphate- MI Paste® (MIP) to these treatment modalities. 
 
Methods:   
Forty subjects with unrestored WSL, after debanding fixed orthodontic appliances, were  
recruited from the Department of Orthodontics, Henry M. Goldman School of Dental 
Medicine, Boston University. A randomized, split-mouth, and double-blind clinical trial 
design was used to allocate subjects to resin infiltration and fluoride varnish without MI 
Paste® (RI and FV), 20 patients, and resin infiltration and fluoride varnish with MI 
Paste® (RI-MIP and FV-MIP), 20 patients. Patients in the MI Paste® present treatment 
group given 6-weeks supply of MI Paste®. The assessment methods were: 1) patient self-
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assessment, 2) expert panel subjective assessment, 3) clinical caries assessment using the 
International Caries Detection and Assessment System (ICDAS), and 4) actual lesion size 
assessment. Treatment efficacy was assessed after 4-6 weeks of application. The 
appearance improvement was analyzed at α level of 5% and a power of 90%. 
 
Results:  
Over 4-6 weeks, RI treatment appeared to have a higher mean difference between 
baseline and follow-up compared to fluoride varnish with a statistically significant 
difference across all assessment methods. The patient self-assessment mean difference 
was 1.07 (±1.49); 95% CI [0.59 - 1.55], the expert panel subjective assessment mean 
difference was 0.75 (±1.06); 95% CI [0.61 - 0.88], the ICDAS mean difference was 0.38 
(± 0.43); 95% CI [0.24 - 0.52], and the actual size assessment mean difference was 0.07 
(±0.16); 95% CI [0.01 - 0.12]. There was no statistically significant difference between 
the mean differences between RI and RI-MIP, nor between FV and FV-MIP across all 
assessment methods.    
 
Conclusion:  
The results indicate that RI is significantly better in improving the appearance of WSLs 
when compared to FV. There is little evidence that use of MIP adds to the improvement 
of the appearance of WSL in conjunction with either modality. 
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INTRODUCTION 
Orthodontic treatment may provide many benefits to a patient such as enhancement of 
masticatory function, tooth alignment, dental and facial esthetics, and a patient’s self-
esteem (Giddon 1995, Varela and Garcia-Camba 1995). However, the accumulation of 
acidic byproducts of the bacteria in plaque around the orthodontic brackets may cause 
enamel demineralization and formation of white spot lesions (WSL). These can lead to 
caries formation, poor esthetics, and patient dissatisfaction (Zachrisson and Brobakken 
1978, Ogaard, Rolla and Arends 1988).  
At the time of removal of the orthodontic appliances, a patient may present with 
aligned teeth but discolored with white or yellow spots on the surface known as white 
spot lesions (WSL). The reported prevalence of WSL in orthodontic patients’ ranges 
from 23 percent to 97 percent (Chang, Walsh and Freer 1997, Chapman et al. 2010a, 
Gorelick, Geiger and Gwinnett 1982a, Gorelick, Geiger and Gwinnett 1982b, Øgaard 
1989, Mizrahi 1982, Tufekci et al. 2011, Boersma et al. 2005a, Lucchese and Gherlone 
2012). Orthodontic appliances provide areas that allow microbial adhesions and biofilm 
formation. If the patient fails to maintain proper oral hygiene, enamel in contact with 
orthodontic appliances would demineralize by the biofilm acid production, forming 
WSLs.  
WSL treatments usually include non-invasive approaches such as remineralization 
using fluoride varnish or MI Paste®, or infiltration using resin infiltration. Topical 
fluoride varnish application is effective in reversing WSLs after removal of the 
orthodontic appliances, and it is recommended to be a routine caries prevention measure 
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after removal of orthodontic appliances (Du et al. 2012a).  In severe WSL cases, non-
cavitated, larger, and deeper demineralization level, an invasive approach using 
microabrasion or placement of veneers or crowns would be the treatment of choice. 
Similarly, resin infiltration appears to improve the clinical appearance of WSLs with a 
stable outcome eight weeks after removal of the orthodontic braces (Senestraro et al. 
2013). When assessed by quantitative light-induced fluorescence (a caries detection tool 
for oral health assessment), MI Paste® (casein phosphopeptide-amorphous calcium 
phosphate CPP-ACP), has resulted in a reduced area of white spot lesions after four 
weeks. 
However, this improvement showed no clinical advantage over daily use of 
fluoride toothpaste (Brochner et al. 2011). When compared with sodium fluoride mouth 
rinse and micro-abrasion technique, MI Paste® was found to be more effective in 
treating post-orthodontic white spot lesions (Akin and Basciftci 2012).  
In addition, when applied together, combining MI Paste® with fluoride varnish 
showed a synergistic effect in reducing WSL (Kumar, Itthagarun and King 2008, 
Cochrane et al. 2008, Wu, Liu and Hou 2010). However, MI Paste Plus® (MI Paste® 
combined with fluoride varnish) does not appears more beneficial than regular home care 
for improving the appearance of white spot lesions over an 8-week period (Huang et al. 
2013).  
Several studies have compared some of those treatments together. These studies, 
however, have been conducted on extracted teeth and in vitro. In extracted teeth 
assessment, resin infiltration was found more effective than fluoride varnish or MI 
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Paste® in the esthetic improvement of WSLs (Yuan et al. 2014). In contrast, there were 
no statistically significant differences across resin infiltration, MI Paste®, and artificial 
saliva in improving the light reflectivity and thus the appearance of WSLs with use of  
spectrophotometric analysis in vitro (Bailey 2012).   
There is no clear evidence regarding the most efficacious treatment in improving 
the appearance of WSL among different treatment modalities currently available. 
Therefore, the aim of this study is to compare, in a randomized clinical trial, the 
appearance improvement of white spot carious lesions treated with resin infiltration and 
fluoride varnish over 4-6 weeks, and to assess the possible synergistic effect of adding 
MI Paste® (CPP-ACP) to these treatment modalities.  
  4 
LITERATURE REVIEW 
 
White Spot Carious Lesions 
White Spot Carious Lesions are defined as subsurface enamel porosities caused by 
imbalances in the demineralization and re-mineralization process (Beerens et al. 2010b).  
Once formed, WSL can be extremely challenging, or even impossible, to reverse. Saliva 
can play a role in re-mineralizing WSLs to some extent. However, this process is 
prolonged and rarely would result in complete reverse of the WSL (Karlinsey et al. 
2009).  
The lesions’ colors vary according to the reduction in the mineral content under 
the sound enamel surface, which alters the light reflectivity of the translucent enamel and 
the appearance of these lesions. They may vary from no visible change in color to white 
spots on the teeth (Rogers, Chadwick and Treasure 2010). Accordingly, although the 
known scientific name for these spots is White Spot Carious Lesions, the lesions may not 
necessarily appear white with all patients. In addition, the stage of the tooth 
demineralization determines the appearance of the lesion.   
In early stages, the WSLs could be only seen with air-drying. In late stages, 
however, they could be visible without air-drying (Holmen et al. 1985). Before frank 
cavitation of the tooth surface, therapeutic modalities can be used to infiltrate, re-
mineralize, or arrest the caries progression.  Still, even after remineralization takes place, 
and the caries progression has been arrested, the white spot lesion can be visibly seen. 
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There are several treatment options available to improve the appearance of WSLs such as 
resin infiltration (ICON®), fluoride varnish, and CPP-ACP (MI Paste®). 
 
A. White spot lesions and orthodontics fixed appliances 
WSL associated with poor oral hygiene and plaque accumulation are a common 
manifestation in fixed orthodontic treatment.  It is notable that orthodontic treatment can 
possibly harm the hard and soft tissue (Travess, Roberts-Harry and Sandy 2004).  
For orthodontic patients with fixed appliances, conventional oral hygiene for food 
particles and plaque removal is challenging, and the effect of saliva in clearing plaque 
and carbohydrate adjacent to brackets is reduced (Boersma et al. 2005b). In addition, 
orthodontic patients with fixed appliances commonly have high salivary and plaque 
counts of mutans streptococci because of the favorable settings for food and plaque 
accumulation (Al-Musallam et al. 2006), which increases caries risk (Anhoury et al. 
2002) as well as promoting caries lesions, regardless of mechanical plaque control and 
the utilization of fluoridated dentifrice (O'Reilly and Featherstone 1987). 
 
B. Prevention of white spot lesions 
Early lesions can be noticeable as soon as the 4th week after the placement of fixed 
orthodontic appliances (Øgaard, Rølla and Arends 1988). Thus, the primary step to 
prevent WSLs is to educate orthodontic patients on the importance of sustaining proper 
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oral hygiene throughout their orthodontic treatment. This can be accomplished by 
brushing and rinsing with fluoride-containing products daily and after every meal.  
The inhibitory effect of fluoride on demineralization of enamel has been well 
studied (Ericsson 1977). Studies show that the most efficient way for preventing 
demineralization as well as enhancing remineralization of carious lesions is frequent 
application of fluoride. Thus, constant contact with fluoride is important to protect the 
enamel against WSL formation during treatment with fixed orthodontic appliances.  
One possible way of providing a constant concentration of fluoride ions over a 
long period is to have a slow fluoride-releasing system included in the bracket bonding 
material. Resin-modified glass ionomer cements (RMGICs) can be used to bond 
orthodontic brackets, and they release fluoride around the bracket base with as sustained 
fashion(Dionysopoulos, Kotsanos and Pataridou 2003). 
 
Resin Infiltration 
One of the new popular treatment modalities for arresting and masking WSL is resin 
infiltration, which infiltrates the lesion with low viscosity light-cured resins. Before 
applying resin infiltration to WSLs, the tooth surface must be acid etched with 
hydrochloric acid to remove the mineralized pseudo-intact surface layer, which may 
prevent re-mineralization of enamel, and increase the porosity on the surface of enamel 
(Kielbassa, Muller and Gernhardt 2009, Flaitz and Hicks 1994).  
Following surface removal, resin infiltration can be applied.  In contrast to fissure 
sealants, in which the barrier is positioned on the lesion surface, resin infiltration can 
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penetrate the enamel and create a diffusion barrier inside the lesion, which blocks the 
cariogenic pathway channels by replacing lost minerals with resin thus arresting the 
lesion progression (Paris, Meyer-Lueckel and Kielbassa 2007). 
In addition to arresting caries, resin infiltration can restore the optical properties 
of the enamel by filling in the inter-crystalline spaces within the enamel rods.  Studies 
showed that resin infiltration has a refractive index of [1.48], which is comparable to 
enamel [1.65]. Thus resin infiltration can completely or partially mask the WSLs 
according to the lesion severity (Neuhaus et al. 2010).  The milder the lesions and the 
earlier the treatment after orthodontic appliance removal, the more esthetic are the results.  
Moreover, the depth and duration of the orthodontic WSL have an impact on the 
results, as old WSL require additional resin infiltration application time (Knosel, Eckstein 
and Helms 2013). A recent randomized clinical trial study showed that resin infiltration 
could both improve the clinical appearance of various WSLs and provide stable results 
(Senestraro et al. 2013). 
 
Figure 1. Resin infiltration (ICON®) 
Source: http://k-dental.ca/zenith-icon-cube-caries-infiltrant-smooth-surface-w-7-patient-packs.html 
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Fluoride Varnish 
Fluoride is a member of the halogen group on the periodic table. It occurs naturally in 
food, water, and nature. It has been used in dentistry for many years to prevent dental 
caries, re-mineralize caries on the outer enamel, and decrease demineralization on the 
inner enamel, causing a significant mineral deposition (Bishara and Ostby 2008) 
(Trairatvorakul, Kladkaew and Songsiripradabboon 2008).  
Fluoride has several mechanisms of action in the prevention of dental caries. It 
can integrate into enamel by joining the hydroxyapatite to form Fluoroapatite, resulting in 
more resistant enamel (Jenkins, Venkateswarlu and Zipkin 1970). Moreover; it inhibits 
Enolase, an enzyme required for glycolysis, so that bacterial flora won’t be able to 
ferment carbohydrates (Levine 1991). Furthermore, fluoride competes with bacterial 
colonization for binding sites on the tooth surface (Levine 1991). These mechanisms will 
slow or may stop, the progression of the caries lesion (Biesbrock et al. 1998). Fluoride 
varnish is an adhesive form of fluoride applied to the tooth surface. It was developed to 
act as a fluoride delivery vehicle inside the mouth, and maximizes the adherence period 
of fluoride to tooth enamel.  
Fluoride varnish was not designed to adhere permanently to the tooth surface, but 
to remain in contact for a temporary time of period. It is brushed away after 4-6 hours. 
Fluoride varnish Acclean®, (Henry Schein) contains 5% sodium fluoride (22,600 parts 
per million (ppm)), and an application of 1 milliliter would deliver 22.6 milligrams of F 
ion. Tooth washing and drying are required before application but prophylaxis is not 
necessary. Several studies showed the efficacy of fluoride varnish, in the reduction of 
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dental caries. Bruyn and Arends review’s results indicate that caries reduction ranges 
from 18 to 77 percent using fluoride varnish (de Bruyn and Arends 1987).  
 To see if there might be excess fluoride ingestion, Roberts and Longhurst applied 
in their study a mean of 5.2 mg F- (range from 0.7 to 14.5 mg fluoride) to their study 
group. They reported that no one received an acute toxic fluoride level, 1 mg F- per 
kilogram of body weight (Roberts and Longhurst 1987). Ekstrand et al. reported that the 
peak plasma fluoride concentration within two hours of fluoride varnish treatment ranges 
from 3.2 to 6.3 micromolar, followed by a quick two hours drop and a slower drop 
afterward (Ekstrand, Koch and Petersson 1980). These plasma fluoride levels are similar 
to those found in after teeth brushing with fluoridated toothpaste (mean +/- standard 
deviation, 3.63 +/- 0.45 micromolar/L) or after taking 1 mg fluoride tablet (4.47+/- 0.47 
micromolar/L) (Ekstrand, Koch and Petersson 1983). 
 
Figure 2. Fluoride varnish (Acclean®) 
(Acclean®, Henry Schein, a 5% sodium fluoride, 22,600 ppm) 
Source: http://www.dentamedical.com/cart/index.php?main_page=product_info&products_id=933 
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MI Paste® (CPP-ACP) 
Recently, MI Paste® (GC America, Alsip, Ill) has been prescribed for WSL 
remineralization (Huang et al. 2013). Casein phosphopeptide-amorphous calcium 
phosphate, the active agent, is derived from milk protein.  Casein phosphopeptide (CPP) 
is claimed to stabilize and localize calcium, phosphate, and fluoride at the tooth surface in 
a slow-release amorphous form, therefore improving deeper remineralization of WSLs 
(Vashisht et al. 2013). The twice-daily use of the 1.0% CPP-ACP solution showed a 
144% increase in calcium level and a 160% increase in inorganic phosphate level in the 
interenamel plaque obtained from the removable intra-oral appliance (Reynolds 1998). 
Moreover, CPP-ACP appeared to have topical anti-cariogenic effects due to its ability to 
stabilize calcium and phosphate in an amorphous state. In acidic environment, amorphous 
calcium phosphate will be detached from Casein phosphopeptide, thereby enhancing 
salivary calcium and phosphate levels (Kumar et al. 2008, Hegde, Shetty and Pardal 
2007). The anti-cariogenic and remineralizing effects have been shown in-vitro and in-
situ studies (Shen et al. 2001, Cai et al. 2003, Reynolds 1997). 
It has been reported that the anti-cariogenic mechanism for CPP-ACP has three 
modes of action: a) it remineralizes enamel lesions by sustaining a supersaturated state of 
the enamel minerals, calcium and phosphate in plaque (Reynolds 1998). b) It delays 
biofilm formation and prevents bacterial adhesion to the tooth surface (Rahiotis, 
Vougiouklakis and Eliades 2008), and c) it performs as a buffering agent, which may 
prevent a drop of PH in the oral micro-environment (Rahiotis et al. 2008). 
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Recently, researchers have examined the remineralization effect of casein 
phosphopeptide-amorphous calcium phosphate in combination with fluoride and have 
reported a synergistic effect when applied together (Cochrane et al. 2008, Wu et al. 
2010). 
 
 
Figure 3. MI Paste® (GC America, Alsip, Ill) 
Source: http://www.dentistsrecommend.com/MI-Paste-Mint-without-flouride-w-Recaldent_p_67.html 
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CLINICAL SIGNIFICANCE OF THIS STUDY 
There are several WSL treatment modalities available as reported in the literature 
(Yuan et al. 2014, Senestraro et al. 2013). These treatment modalities showed a 
statistically significant effect in WSL reduction and re-mineralization. Once WSL is 
detected, it is important to inhibit the caries progression, since there is a high chance 
of cavitation even in the early stages of the caries lesion. As cavitation forms, it is 
impossible for lesion reversal (Kielbassa et al. 2006). 
At this point, it is not clear which WSL treatment modality gives the best 
esthetic results for post-orthodontic WSLs, and it is very difficult for dental 
professionals to select the best non-invasive aesthetic approach in treating WSLs 
easily (Yuan et al. 2014). 
Understanding the differences in appearance improvement of WSL between 
both resin infiltration and fluoride varnish alone and combined with MI Paste® 
treatments, may help clinicians to make appropriate decisions. Such decisions are 
especially important when treating young adults, who are going through an important 
life period when appearance and social acceptance are fundamental. 
  13
AIM OF THE STUDY 
The overall objective of this in-vivo randomized clinical trial study is to compare, resin 
infiltration (ICON®), fluoride varnish (Acclean ®, Henry Schein, a 5% sodium 
fluoride (22,600 ppm)), and combining each of resin infiltration and fluoride varnish 
with MI Paste® (GC America, Alsip, Ill), see Graph 1. 
 
 
 
Graph 1. Comparison Groups and Interventions  
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Primary Objective 
The primary objective is to compare the efficacy in improving the appearance of WSL 
between resin infiltration versus fluoride varnish, Split mouth: within-subject 
comparison. Therefore, we compared the following:  
Esthetic outcome between resin infiltration (A+C) vs. fluoride varnish (B+D)  
 
Secondary Objectives 
The secondary objective is to assess the effect of adding MI Paste® (CPP-ACP) to each 
treatment. Therefore, we compared each intervention with and without MI Paste® 
added, like the following: 
i. Compare the effect of resin infiltration vs. fluoride varnish without MI Paste®  
(A-B) and with MI Paste® (C-D); interaction term. 
ii. Assess the overall effect of MI Paste ®, that is, without MI Paste ® (A+B) vs. 
with MI Paste ® (C+D), between-subject comparison. 
 
Tertiary Objectives 
The tertiary objective is to do a multiple comparison between all treatments included.  
Therefore, we compared the esthetic outcome between treatments within the no-MI 
Paste ® group, between treatments within the with-MI Paste ® group, and between 
treatments of groups with and without MI Paste ®, such as the following: 
i. Esthetic outcome between resin infiltration and fluoride varnish without MI 
Paste ® (A vs. B). 
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ii. Esthetic outcome between resin infiltration and fluoride varnish with MI Paste® 
(C vs. D). 
iii. Esthetic outcome between resin infiltration without MI Paste® vs. resin 
infiltration with MI Paste ® (A vs. C). 
iv. Esthetic outcome between fluoride varnish without MI Paste® vs. fluoride 
varnish with MI Paste ® (B vs. D). 
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METHODS 
The study protocol was reviewed and approved by the institutional review board of the 
Boston University Medical Campus.  
 
Study Design 
This study is a split-mouth randomized double-blind clinical trial. Only visible labial 
WSLs from canine to canine were included. The study protocol was in compliance with 
the current CONSORT (Consolidated Standards of Reporting Trials) statement 
guidelines. 
 
Recruitment 
Patients were recruited from the Department of Orthodontics, Henry M. Goldman School 
of Dental Medicine, Boston University. The inclusion criteria were patients who (1) have 
unrestored WSL, after debanding fixed orthodontic appliances, (2) presence of at least 
one non-cavitated and size symmetrical WSL central to canine in each maxillary 
quadrant, and (3) age range from 12-30 years old.  Exclusion criteria were (1) large 
gingival enlargement that covers WSL, (2) planned use of any alternative WSL treatment 
modality during the study period, (3) abnormal medical, oral and mental condition, (4) 
milk allergy, (5) non-English speaking or reading patients, and (6) current pregnancy.  
 The investigator had access to electronic patient record to recognize patients’ 
debanding appointments. Through the electronic patient record, the investigator could 
identify whether the patient met the initial inclusion and exclusion criteria. Initial 
inclusion criteria were (1) history of fixed orthodontic treatment during the last 3 years 
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(2013-2016), and (2) age range 12-30 years old.  Initial exclusion criteria were (1) 
abnormal medical, oral and mental condition, and (2) non-English speaking or reading. If 
the patient met these initial inclusion and exclusion criteria, the patient was recruited in 
one of two ways: 
 One, the investigator attended the debanding appointment. After orthodontic 
appliance debanding, resident introduced the investigator to the patient. The investigator 
briefly explained the purpose and procedure of the study to the patient, and ask if he/she 
would be interested in participating. Then, if the patient was interested, the investigator 
took the patient to the Clinical Research Center Clinic for assessing the remaining of the 
inclusion and exclusion criteria. The remaining inclusion criteria were (1) the presence of 
a non-cavitated and size symmetrical WSL on at least one tooth, in each maxillary 
quadrant, from central incisor to canine. The remaining exclusion criteria were (1) large 
gingival enlargement that covers WSL, (2) planned use of any alternative WSL treatment 
modality during the study period, (3) Milk allergy, and (4) current pregnancy. If the 
patient met all the criteria, the investigator provided a detailed study explanation and 
informed consent form for the patient’s signature.  
 The second option was for the investigator to phone the patient based on the 
patient’s post orthodontic treatment pictures. The investigator invited the patient to 
participate in the study after providing a brief description of the study using a customized 
and approved telephone recruitment script, see Figure 4.  At the first visit, the 
investigator examined the patient and confirmed eligibility for the study. If the patient 
met the eligibility criteria, the investigator provided a detailed study explanation and 
enrollment consent to be signed.
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Figure 4. Telephone recruitment script 
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Consent Form 
Patients were consecutively enrolled in the study as the inclusion and exclusion criteria were met. Upon enrollment in the 
study, patients or their guardians (if the patient was under 18 years old) were informed of the benefits, risks, and objectives 
of the clinical trial and were asked to sign an informed consent form before enrollment, see Figure 5.  
 
 
Figure 5. Consent form 
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Randomization 
The investigator created a randomization list before the beginning of the trial, see Figure 
6, using SAS software (version 9.3; SAS Institute, Cary, NC), in which patients were 
randomized to two groups, 1) MI Paste® absent and 2) MI Paste® present, that is, 
patients were given 6-weeks supply of MI Paste® at the start of the study and instructed 
to apply a pea-sized amount to each side twice daily, see Graph 2. There was no placebo 
provided to the MI Paste® absent group.  
 Further randomization was done to each group, in which the side of the mouth 
for resin infiltration and fluoride varnish was randomized between left and right among 
participating subjects (split-mouth design). Patients were consecutively enrolled based on 
the randomization list. The allocation sequence was concealed from patients and 
examiners. Investigator and staff were aware of the allocated intervention side. 
 
Figure 6. Randomization list 
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Graph 2. Randomization 
 
Blinding 
The randomized allocation sequence was concealed from the patients and the outcome 
examiners. On the other hand, intervention provider (PI), outcome assessor (PI), and staff 
were aware of the allocated intervention side. 
 
Data Source and Documentation 
The investigator collected and recorded the baseline information from the patient’s chart 
and patient interviewing, Access sheet (Microsoft Windows 7) was customized in 
advance for obtaining patients' baseline and follow-up information, see Figure 7 & 8. The 
data were automatically backed up to an online drive (Cloud) for data safety. After 
obtaining the baseline information, frontal intra-oral pictures were taken before applying 
the intervention.
Treatment Groups Randomization (1)
40 Patients 
NO MI Paste®
Maxillary Quadrant Randomization 
(2)
(Split Mouth)
20 Patients 
Resin infiltration
(A)
Fluoride varnish
(B)
With MI Paste®                                          
Maxillary Quadrant Randomization 
(2)
(Split Mouth)
20 Patients 
Resin infiltration
+
MI Paste®
(C)
Fluoride varnish
+
MI Paste®
(D)
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Figure 7. Data collection sheet-1 
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Figure 8. Data collection sheet-2 
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Resin Infiltration Application 
For the resin infiltration treatment side using ICON®, non-fluoridated pumice applied 
with a low-speed handpiece was used to remove all plaque from the tooth surfaces. 
According to the manufacturer’s instructions, before starting the treatment, removing any 
cleaning residue on teeth with water spray was done. Liquid rubber dam (Kool-Dam, 
Pulpdent®, USA) was applied on the gingival margins of teeth.  
 ICON® etch (15% hydrochloric acid) was applied to the lesion site for 2 
minutes. The etching process was performed two times, and excess materials were 
removed with a cotton roll.  ICON® etch was rinsed with water for at least 30 seconds 
followed by drying teeth with oil-free and water-free air. Ample amount of ICON® Dry 
(ethanol solution) was applied to the lesion site for 30 seconds followed again by drying 
teeth with water-free air.  
 An ample amount of ICON® infiltrant was applied on the etched surface and 
left for 3 minutes. Excess materials were removed with a cotton roll. ICON® infiltrant 
was light cured for 40 seconds. A second application of ICON® infiltratnt was performed 
and let sit for 1 minute followed by light-cure for at least 40 seconds. The rubber was 
removed and using (Enhance® polishing point (DENTSPLY/Caulk, USA)) on a slow-
speed handpiece) for tooth finishing.
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Step 
Number 
Resin Infiltration Protocol 
1 Remove all plaque from the affected tooth and rinse well 
  
2 Rubber dam placement 
  
3 ICON® Etch for 2 minutes 
  
4 Rinse with water and air dry for 30 seconds 
  
5 Apply ICON®-dry for thirty seconds 
  
6 
Apply ICON® infiltrant for 3 minutes. Remove excess with cotton 
or with sharp explorer. Light cure for forty seconds 
  
7 
With a new tip, apply ICON® infiltrant again for one minute. 
Remove excess with cotton or with sharp explorer. Light cure for 
forty seconds 
  
8 Teeth finishing 
 
Figure 9. Resin infiltration application protocol 
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Fluoride Varnish Application 
For the fluoride varnish (Acclean®, Henry Schein) treatment side, non-fluoridated 
pumice  applied with a low-speed hand-piece was used to remove all plaque from the 
teeth surfaces. Before starting the treatment, removing any cleaning residue on teeth with 
water spray was done. Excessive saliva quadrants of the mouth were absorbed using 
cotton rolls or removed by using an air syringe. It is not necessary to keep the tooth 
surface completely dry because the varnish will set in saliva moist environment.  
 Fluoride varnish was applied onto the WSL using a brush, probe or applicator, 
with the applicator repeatedly dabbed onto the tooth surface without contacting soft 
tissues. After a few minutes, a thin, clear layer is formed.  The effect of the fluoride 
varnish relies on the prolonged activity of fluoride. Therefore, the varnish film should not 
be detached prematurely.  
 Patients were advised not to brush their teeth or chew food for at least 2 hours 
after treatment application. Fluids and soft foods may be consumed during this time. 
Immediate frontal intra-oral pictures were obtained after the intervention.
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Step Number Fluoride Varnish Application Protocol 
1 Remove all plaque from the affected tooth and rinse well 
  
2 Rubber dam placement 
  
3 
With a brush, probe or applicator, apply Acclean® fluoride 
varnish until complete dryness. 
  
4 Remove excess with cotton or with sharp explorer 
  
6 
Patients were advised not to brush their teeth or chew food for at 
least 2 hours. Fluids and soft foods may be consumed during this 
time. 
 
Figure 10. Fluoride varnish application protocol
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Photographic Protocol 
Photographic assessment is frequently used for clinical evaluation of WSLs (Benson, 
Pender and Higham 2000, Benson, Pender and Higham 2003, Chapman et al. 2010b).  
Calibration of the photographic procedures was done to standardize, distance, 
magnification, brightness, color, and shade.  
 Intraoral frontal photographs were taken digitally with the patient’s head 
tilted up approximately 5 to 10 degrees to minimize the light reflection from the flash 
to the incisal third of the central incisor (Benson et al. 2000).  Numerous digital 
photographs were taken at each time point to allow selection of the ideal image.  
 All photos were taken using the same digital camera (Canon 70D, USA). 
Photographs were cropped to contain teeth from canine to canine, controlled for light 
and color of each patient set (before-after), and were saved in a 3000 x 1200 pixel 24-
bit bitmap format with Photoshop (CS3 extended version 10.0.1; Adobe, San Jose, 
Calif).  
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           Chin Support            Canon MR-14E X II Macro Ring Lite     Anterior Contrastors 
 
 Figure 11. Photographic Equipment 
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Sample Size Calculation 
A power analysis was calculated to determine the required number of patients to evaluate 
the influence of the four modalities on the improvement of appearance of the WSLs.  
Based on measuring 10 pictures of debonded orthodontic patients, we can say that if the 
proposed subject recruitment is 40, (subjects who fulfill all the eligibility criteria, who 
provide informed consent, and who are randomized), the minimum difference we can 
detect with 80% power in the split-mouth component of the study is 0.065. If the 
recruitment efforts are the worst possible, namely, 20 subjects, then the minimum 
difference detectable with 80% power is 0.095 
Paired data (SD=0.144; Question) 
N                      80% power          90% power 
20                          0.095                    0.110 
25                          0.084                    0.097 
30                          0.076                    0.088 
35                          0.070                    0.081 
40                          0.065                    0.076
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The bottom figures for independent samples are relevant.  Under the best possible 
recruitment efforts, namely 40 subjects (meaning 20 in each of the two independent 
samples), the minimum difference we can detect with 80% power is 0.132.  Under the 
worst possible circumstances, namely 20 subjects (10 in each of the two independent 
samples), the minimum difference we can detect with 80% power is 0.192. 
Independent samples (SD=0.145) 
N/group               80% power          90% power 
10                          0.192                    0.222 
15                          0.154                    0.178 
20                          0.132                    0.153
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Assessment Methods of White Spot Lesion Appearance 
We used the following 4 methods to assess the appearance of the white spot lesions at 
baseline and the follow-up. 
A. Patient self-assessment 
Before the intervention, the patient held a mirror to evaluate their WSL and give a 
severity score (from 0-10, as 0= no WSL and 10= severe WSL).  At the follow-up 
visit, the patient repeated the same evaluation. In addition, for score guidance, WSL 
pictures were presented to the panel members to give an example for severity score, 
see Figure 12. 
Figure 12. Score guidance photo 
B. Expert panel subjective assessment 
WSL appearance improvement was assessed subjectively over 4-6 weeks by a dental 
expert panel that was blinded to the time of application and group assignment. The panel 
consisted of 6 dental clinicians (2 orthodontists: man and woman. 4 general dentists: two 
men and two women). At the start of the evaluating session, the severity scale (from 0-10, 
as 0= no WSL and 10= severe WSL) was introduced to the panel members, Figure 12. 
Photographs were presented in a Microsoft Power-Point format (For Mac, Version 14.0) 
 
                                  Severity=0                                                                           Severity= 10 
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with a black background. To overcome the bias from evaluator fatigue, the order of 
patients’ picture sets was randomized among evaluators.  
 
C. Clinical caries assessment  
WSL appearance improvement was assessed clinically using the International Caries 
Detection and Assessment System (ICDAS) is a clinical scoring system for use in clinical 
practice, research, dental education, and epidemiology. 
 ICDAS is used for detecting early and later stage caries severity. Evaluation of 
the ICDAS showed that it is practical; has content and discriminatory validity (Ismail et 
al. 2007). The ICDAS detection codes for coronal caries range from 0 to 6 depending on 
the severity of the lesion. The description of codes is the following: 
            0 = Sound 
1 = First Visual Change in Enamel (seen only after prolonged air drying) 
2 = Distinct Visual Change in Enamel 
3 =Localized Enamel Breakdown (without clinical visual signs of dentinal 
involvement) 
4 = Underlying Dark Shadow from Dentin 
5 = Distinct Cavity with Visible Dentin 
6 = Extensive Distinct Cavity with Visible Dentin 
 
 Before the intervention, the investigator used the ICDAS scoring system, Figure 
12, to evaluate the WSLs on each tooth in both treatment sides. At the follow-up visit, the 
patient repeated the same evaluation.  
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Figure 13. ICDAS scoring system 
Source: https://www.icdas.org/uploads/table2.png 
 
D. Actual lesion size assessment 
The investigator evaluated the actual size of WSL improvement. He used the same 
picture sets used in the expert panel subjective evaluation. Both WSLs and the total tooth 
surface area from central incisor to canine of each side was measured separately using the 
“freehand selection” tool with a Genius PenSketch M912A Graphic Tablet), Figure 10, 
with Photoshop (CS3 extended version 10.0.1; Adobe, San Jose, Calif). To assess the 
intra-examiner reliability of the objective assessment, five picture sets were re-evaluated. 
 
Figure 13.  Genius PenSketch M912A Graphic Tablet 
Source: https://i.ytimg.com/vi/C4g1X3S-Yxk/mqdefault.jpg 
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Graph 3. Overall view
Orthodontic Patients
Inclusion Criteria: 
1) Orthodontic patients, who completed fixed orthodontic treatment (12-30 years old).
2) Presence of a non-cavitated, and symmetrical WSL on at least one tooth, in each maxillary 
quadrant, from central incisor to canine.
Pre-Treatment pictures
Treatment Group Randomization (1)
40 Patients 
With MI Paste®
Maxillary Quadrant 
Randomization(2)
(Split Mouth)
20 Patients 
Resin infiltration
+
MI Paste®
Fluoride varnish
+
MI Paste®
No MI Paste®
Maxillary Quadrant 
Randomization(2)
(Split Mouth)
20 Patients 
Resin infiltrationFluoride varnish
Immediate -Treament picture
4-6 weeks later: Post treatment pictures
Evaluation
Expert Panel Subjective assessment:
Dental Expert Panel: Using severity score scale to compare pre-post intervention pictures
Patient's self assessment:
Using severity score scale to compare the improvement pre-post treatments.
Clinical caries assessment
Measureing the severity of WSL using ICDAS
WSL Actual Size assessment
Measuring WSL/tooth surface area proportions pre-post intervention
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Assessment Methods Calculations 
The analysis was conducted adhering to the intent-to-treat principle 
A. Patient self-assessment 
Using a mirror, the patient gave a severity score (from 0-10, as 0= no WSL and 10= 
severe WSL), to each side of the maxilla, at the baseline and follow-up appointment. the 
mean severity scores of baseline and follow-up were calculated and compared. 
B. Expert panel subjective assessment 
Each pre-post treatment picture had, for each side of the maxilla, a severity score (from 
0-10, as 0= no WSL and 10= severe WSL). For pre-post treatment pictures, the mean 
severity scores of baseline and follow-up were calculated and compared. 
C. Clinical caries assessment 
The sum of ICDAS scores of WSL in each quadrant was divided by the total number of 
teeth of the same quadrant, resulting in the mean ICDAS score. The mean scores of both 
baseline and follow-up were calculated and compared.  
D. Actual lesion size assessment 
To assess the size of WSL, the total surface area of WSL of each quadrant was divided by 
the total teeth surface area of the same quadrant, resulting in the proportion of the WSL. 
The mean scores of both baseline and follow-up WSL proportions were calculated and 
compared. Intra-examiner reliability coefficient was 90%, indicating strong agreement of 
measurements.  
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Objectives’ Statistical Analysis 
A. Primary Objective 
Compare the efficacy in appearance improvement of WSL between resin infiltration 
(A+C) vs. fluoride varnish (B+D). 
Within-subject comparison, a paired t-test was used for each measurement assessment.  
B. Secondary Objectives 
 
i. Compare the effect of resin infiltration vs. fluoride varnish without MI Paste® (A-B) 
and with MI Paste® (C-D); interaction term. 
Between-subjects comparison, an independent sample t-test was used for each 
measurement assessment.  
 
ii. Assess the overall effect of MI Paste®, that is, without MI Paste® (A+B) vs. with MI 
Paste® (C+D). 
Between-subjects comparison, an independent sample t-test was used for each 
measurement assessment  
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C. Tertiary Objectives  
i. Compare the esthetic outcome between resin infiltration and fluoride varnish without 
MI Paste® (A vs. B)  
Within-subject comparison, a paired t-test was used for each measurement 
assessment. 
 
ii. Compare the esthetic outcome between resin infiltration and fluoride varnish with MI 
Paste® (C vs. D). 
Within-subject comparison, a paired t-test was used for each measurement 
assessment. 
 
iii. Compare the esthetic outcome between resin infiltration without MI Paste® vs. resin 
infiltration with MI Paste® (A vs. C). 
Between-subject comparison, an independent sample t-test was used for each 
measurement assessment.  
 
iv. Compare the esthetic between fluoride varnish without MI Paste® vs. fluoride varnish 
with MI Paste® (B vs. D). 
Between-subject comparison, an independent sample t-test was used for each 
measurement assessment.
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RESULTS 
The total sample size for this study was 40 patients, including 21 (53%) males and 19 
(47%) females. The mean age for the No- MI Paste® group was 18.7 (±5.4), and the 
mean age for the MI Paste® was 18.6 (±3.4). The mean age for all groups was 18.6 
(±4.5). 
Regarding education, 55% of the patients had less than high school education, 
28% completed high school only, 10% completed college level education, and 3% had 
higher education level. In regard to race and ethnicity, 38% of the patients were non-
Hispanic white, 27% were non- Hispanic black, 13% were Mexican American, and 2% 
were others.  
The mean duration of the orthodontic treatment for the No-MI Paste® group was 
25.3 months (±5.7), while for the MI Paste® group it was 31.8 months (±14.2). The 
overall mean duration of the orthodontic treatment was 28.5 months (11.2). The mean 
duration between the orthodontic appliance removal to study enrollment for MI Paste® 
absent group was 23.5 months (±11.4), and for the MI Paste® present group was 23 
months (±13.5). The overall mean duration between the orthodontic appliance removal to 
study enrollment was 23.3 months (±12.3).  Table 1 shows the distribution and 
descriptive analysis for both demographic and independent variables. 
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Table 1. Demographics and Treatment Characteristics. N=40 
Variable 
RI + FV 
(NO MI Paste®) 
RI + FV 
(With MI Paste®) 
ALL P-value 
Age 18.7 (±5.4) 18.6 (±3.4) 18.6 (±4.5) 0.9729 
Gender 
Male 
Female 
10 
10 
11 
9 
21 (53%) 
19 (47%) 
0.7515 
Race and Ethnicity 
Non-Hispanic White 
Non-Hispanic Black 
Mexican American 
Hispanic/others 
 
9 
6 
5 
1 
 
6 
5 
8 
0 
15 (38%) 
11 (27%) 
13 (33%) 
1 (2%) 
0.6120 
Education 
< High School 
High School 
College 
Higher Education 
 
12 
3 
4 
1 
 
10 
8 
0 
2 
 
22 (55%) 
11 (28%) 
4 (10%) 
3 (7%) 
0.0685 
Months of orthodontic 
treatment 
25.3 (±5.7) 31.8 (±14.2) 28.5 (11.2) 0.0656 
Months from appliance 
removal to enrollment 
23.5 (±11.4) 23 (±13.5) 23.3 (±12.3) 0.9132 
  41
 
Graph 4. Flow chart
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Baseline WSL Assessments 
Table 2 shows the results of the bivariate analysis using paired t-test that compared 
the baseline WSL assessment of resin infiltration versus fluoride without MI Paste®, and 
resin infiltration versus fluoride with MI Paste®.  In comparing white spot lesion area at 
baseline, no significant difference was found between the MI Paste® present group and 
MI Paste® absent group in all assessment methods, except for the MI Paste® present 
group for the actual size assessment.  
 
Table 2. Baseline WSL assessments among each treatment group 
RI vs. FV (MI Paste® Absent) & RI vs. FV (MI Paste® Present) - N=40 
Assessment 
Point 
RI FV P- value * 
RI with MI 
Paste® 
FV with MI 
Paste® 
P- value * 
Self - 
Assessments 
4.3 (± 2.36) 4.3 (± 1.80) 1.0000 4.55 (± 2.28) 4.55 (± 2.18) 1.0000 
Expert panel 
assessment 
3.4 (± 1.93) 3.33 (± 1.83) 0.2869 3.79 (± 2.24) 3.72 (± 2.25) 0.3268 
Clinical 
caries 
assessment 
1.85 (± 0.43) 1.88 (± 0.42) 0.7054 1.88 (± 0.32) 1.95 (± 0.42) 0.2967 
Actual size 
assessment 
0.33 (± 0.22) 0.28 (± 0.18) 0.2905 0.37 (± 0.18) 0.31 (± 0.23) 0.0524 
 * Paired t-test, within subject evaluation  
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Primary Objective Analysis 
A. Overall Effect Assessment of resin infiltration vs. fluoride varnish 
Table 3 shows the bivariate analysis using paired t-test that compared the overall effect of 
resin infiltration versus fluoride varnish in all 40 subjects.  
Using self-assessment, the mean difference between baseline and follow-up for 
resin infiltration was 2.67 (±1.49), and for fluoride varnish was 1.60 (±1.64). There was a 
statistically significant difference between resin infiltration and fluoride varnish with a 
higher mean difference between baseline and follow up for resin infiltration. The mean 
difference between treatments was 1.07 (±1.49) with a 95% confidence interval [0.59-
1.55].  
In terms of the expert panel assessment, the mean difference between baseline and 
follow-up for resin infiltration was 1.67 (±1.14), and for fluoride varnish was 0.92 
(±0.94). There was also a statistically significant difference between resin infiltration and 
fluoride varnish with a higher mean difference between baseline and follow up for resin 
infiltration. The mean difference between treatments was 0.75 (±1.06) with a 95% 
confidence interval [0.61- 0.88].  
Similarly, the ICDAS mean difference between baseline and follow-up for resin 
infiltration was 0.48 (±0.39), and for fluoride varnish was 0.1 (± 0.22). There was also a 
statistically significant difference between resin infiltration and fluoride varnish with a 
higher mean difference between baseline and follow up for resin infiltration. The mean 
difference between treatments= 0.38 (± 0.43) with a 95% confidence interval [0.24-0.52].   
Finally, the mean difference in actual size assessment between baseline and 
follow-up for resin infiltration was 0.08 (±0.14), and for fluoride varnish was 0.017 
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(±0.09). There was also a statistically significant difference between resin infiltration and 
fluoride varnish with a higher mean difference between baseline and follow up for resin 
infiltration. The mean difference between treatments = 0.07 (±0.16) with a 95% 
confidence interval [0.01- 0.12]. 
 
 
Table 3. Overall Effect Assessment of Resin infiltration vs. Fluoride varnish - N=40 
Resin infiltration (A+C) vs. Fluoride varnish (B+D) 
Assessment Point 
RI ª 
(A+C) 
FV ª 
(B+D) 
Mean Difference_ SD 
[95% CI] * 
(Difference Between Treatments) 
Self - Assessments 2.67 (±1.49) 1.60 (±1.64) 
1.07 (±1.49) 
[0.59 — 1.55] 
Expert panel assessment 1.67 (±1.14) 0.92 (±0.94) 
0.75 (±1.06) 
[0.61 — 0.88] 
Clinical caries 
assessment 
0.48 (±0.39) 0.1 (± 0.22) 
0.38 (± 0.43) 
[0.24 — 0.52] 
Actual size assessment 0.08 (±0.14) 0.01 (±0.09) 
0.07 (±0.16) 
[0.01 —  0.12] 
 ª Mean (Standard deviation)  
* Test with independent sample t-test, between-subject evaluation
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Secondary Objectives Analysis 
A. Interaction Between Treatments with MI Paste® Absent Vs. 
Treatments with MI Paste® Present 
Table 4 shows the bivariate analysis, independent sample t-test that evaluates whether the 
treatments’ effect (interaction) is the same when MI Paste® is absent, (Group A - Group 
B), as when MI Paste® is present, (Group C - Group D). This entailed calculating the 
mean difference and SD between all the changes scores from Baseline to Follow-up in 
the 20 subjects with MI Paste® absent and all the changes scores from Baseline 
to Follow-up in the 20 subjects with MI Paste® present. The two means were then 
compared using the two independent samples t-test for each assessment method.  
In terms of self-assessment, the mean difference between resin infiltration and 
fluoride varnish without MI Paste® was 1.50 (±1.39), and with MI Paste® was 0.65 
(±1.49). There was no statistically significant difference between the groups with and 
without MI Paste®. The mean difference between these groups was 0.85 (±1.44) with a 
p-value= 0.07.  
Regarding the expert panel assessment, the mean difference between resin 
infiltration and fluoride varnish without MI Paste® t was 0.71 (±1.03), and with MI 
Paste® was 0.79 (±1.09). There was no statistically significant difference between the 
groups with and without MI Paste®, with a mean difference of 0.0750 (±1.06) with a p-
value= 0.58.  
In terms of ICDAS, the mean difference between resin infiltration and fluoride 
varnish without MI Paste® was 0.35 (±0.36), and with MI Paste® was 0.41 (±0.49). 
There was no statistically significant difference between the groups with and without MI 
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Paste®, with a mean difference between the two groups of -0.06 (±0.43) with a p-value= 
0.63.  
Finally, the actual size assessment mean difference between resin infiltration and 
fluoride varnish without MI Paste® was 0.06 (±0.12), and with MI Paste® was 0.07 
(±0.20). There was no statistically significant difference between the groups with and 
without MI Paste®. The mean difference between these two groups was -0.01 (±0.16) 
with a p-value= 0.82. 
 
Table 4. Overall Treatment Effect Assessment (interaction) of Treatments with MI Paste® 
Present Vs. Treatments with MI Paste® Absent. N=40 
Resin infiltration vs. Fluoride varnish 
with MI Paste® absent (A-B) and MI Paste ® present (C-D) 
Assessment Point 
MI Paste ® 
Absent ª 
(A-B) 
MI Paste ® 
Present ª 
(C-D) 
Mean Difference_ SD 
P-value * 
(Difference between treatments) 
Self - Assessments 
1.50 (±1.39) 
 
0.65 (±1.49) 
 
0.85 (±1.44) 
0.0710 
Expert panel assessment 0.71 (±1.03) 0.79 (±1.09) 
-0.07 (±1.06) 
0.5861 
Clinical caries 
assessment 
0.35 (±0.36) 0.41 (±0.49) 
-0.06 (±0.43) 
0.6307 
Actual size assessment 0.06 (±0.12) 0.07 (±0.20) 
-0.01 (±0.16) 
0.8283 
ª Mean (Standard deviation)  
* Test with independent sample t-test, between subject evaluation-test
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B. Overall Effect Assessment of MI Paste® 
 
 Table 5 shows the bivariate analysis, independent sample t-test that assessed the overall 
effect of MI Paste®, that is, without MI Paste®, Group A+ Group B, versus with MI 
Paste®, Group C+ Group D. This entailed calculating the mean and SD of all the changes 
scores from baseline to follow-up in the 20 subjects without MI Paste®, and doing the 
same thing for all the changes scores from baseline to follow-up in the 20 subjects with 
MI Paste®.  Then, these two means were compared using the two-independent samples t-
test for each assessment method. 
In terms of self-assessment, the mean difference between resin infiltration and 
fluoride varnish without MI Paste® was 2.10 (±1.24), and with MI Paste® was 2.17 
(±1.54). There was no statistically significant difference between the no-MI Paste® and 
the MI Paste® groups. The mean difference between treatments was -0.07 (±1.39) with a 
95% confidence interval [-0.97 — 0.82]. 
Regarding the expert panel assessment, the mean difference between resin 
infiltration and fluoride varnish without MI Paste® was 1.34 (±0.90), and with MI 
Paste® was 1.26 (±0.90). There was no statistically significant difference between the no-
MI Paste® and the MI Paste® groups. The mean difference between treatments was 0.08 
(±0.90) with a 95% confidence interval [-0.15 —0.30]. 
With regards to ICDAS, the mean difference between resin infiltration and 
fluoride varnish with MI Paste® absent was 0.2750 (±0.23), and with MI Paste® present 
was 0.30 (±0.24). There was no statistically significant difference between the no-MI 
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Paste® and the MI Paste® groups. The mean difference between treatments was -0.03 
(±0.24) with a 95% confidence interval [-0.18 — 0.12].   
 Finally, the actual size assessment mean difference between resin infiltration and 
fluoride varnish without MI Paste® was 0.04 (±0.08), and with MI Paste® was 0.05 
(±0.10). There was no statistically significant difference between the no-MI Paste® and 
the MI Paste® groups. The mean difference between treatments was -0.01 (±0.09) with a 
95% confidence interval [-0.06 — 0.04].  
ª Mean (Standard deviation)  
* Test with independent sample t-test, between subject evaluation  
Table 5. Overall Effect Assessment of MI Paste®. N=40 
MI Paste® absent (A+B) vs. MI Paste® present (C+D) 
Assessment Point 
MI Paste ® 
Absent ª 
(A+B) 
MI Paste ® 
Present ª 
(C+D) 
Mean Difference_ SD 
[95% CI] * 
(Difference between treatments) 
Self - Assessments 2.10 (±1.24) 2.17 (±1.54) 
-0.07 (±1.39) 
[-0.97 — 0.82] 
Expert panel 
assessment 
1.34 (±0.90) 1.26 (±0.90) 
0.08 (±0.90) 
[-0.15 —0.30] 
Clinical caries 
assessment 
0.27 (±0.23) 0.30 (±0.24) 
-0.03 (±0.24) 
[-0.18 — 0.12] 
Actual size 
assessment  
0.04 (±0.08) 0.05 (±0.10) 
-0.01 (±0.09) 
[-0.06 — 0.04] 
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Tertiary Objectives Analysis 
A. Patient Self-Assessment 
 
i. Resin infiltration vs. Fluoride varnish 
 Table 6.1 shows the bivariate analysis that compares the Self-assessment for resin 
infiltration and fluoride varnish. At the baseline, resin infiltration mean score was 4.3 (± 
2.36), and fluoride varnish mean score was 4.3 (±1.80). There’s no statistically 
significant difference between resin infiltration and fluoride varnish at baseline (P-value= 
1.000).  At the follow-up, resin infiltration mean score was 1.45 (±1.39), and fluoride 
varnish mean score was 2.95 (±1.79). There’s a statistically significant difference 
between resin infiltration and fluoride varnish at follow-up (P-value= 0.0004).  
In terms of resin infiltration, the mean difference between the baseline and the 
follow-up was 2.85 (± 1.42) There's a statistically significant difference between the 
mean scores of resin infiltration at baseline and follow-up (P-value <.0001). Similarly, 
for fluoride varnish, the mean difference between the baseline and the follow-up was 1.35 
(± 1.42). There's a statistically significant difference between the mean scores of fluoride 
varnish at baseline and follow-up (P-value=0.0004). There's a statistically significant 
difference between the mean differences between resin infiltration and fluoride varnish. 
(P-value <.0001). 
ii. Resin infiltration with MI Paste® vs. Fluoride varnish with MI Paste® 
 Table 6.2 shows the bivariate analysis that compares the Self-assessment for resin 
infiltration with MI Paste® with MI Paste® and fluoride varnish with MI Paste®. At the 
baseline, resin infiltration with MI Paste® mean score was 4.55 (±2.28), and fluoride 
varnish with MI Paste® mean score was 4.55 (±2.18). There’s no statistically significant 
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difference between resin infiltration with MI Paste® and fluoride varnish with MI Paste® 
at baseline (P-value= 1.000).  At the follow-up, resin infiltration with MI Paste® mean 
score was 2.05 (±2.16), and fluoride varnish with MI Paste® mean score was 2.7 (±1.97). 
There’s no statistically significant difference between resin infiltration with MI Paste® 
and fluoride varnish with MI Paste® at follow-up (P-value= 0.108).  
In terms of resin infiltration with MI Paste®, the mean difference between the 
baseline and the follow-up was 2.5 (± 1.57). There's a statistically significant difference 
between the mean scores of resin infiltration with MI Paste® at baseline and follow-up 
(P-value <.0001). Similarly, for fluoride varnish with MI Paste®, the mean difference 
between the baseline and the follow-up was 1.85 (± 1.84). There's a statistically 
significant difference between the mean scores of fluoride varnish with MI Paste® at 
baseline and follow-up (P-value=0.0003). There’s no statistically significant difference 
between the mean differences between resin infiltration with MI Paste® and fluoride 
varnish with MI Paste® (P-value= 0.067). 
iii. Resin infiltration vs. Resin infiltration with MI Paste® 
Table 6.3 shows the bivariate analysis that compares the Self-assessment for resin 
infiltration vs. resin infiltration with MI Paste®. At the baseline, resin infiltration mean 
score was 4.3 (±2.36), and resin infiltration with MI Paste® mean score was 4.55 (±2.28). 
There’s no statistically significant difference between resin infiltration and resin 
infiltration with MI Paste® at baseline (P-value= 0.735).  At the follow-up, resin 
infiltration mean score was 1.45 (±1.39), and resin infiltration with MI Paste® mean 
score was 2.05 (±2.16). There’s no statistically significant difference between resin 
infiltration and resin infiltration with MI Paste® at follow-up (P-value= 0.303).  
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In terms of resin infiltration, the mean difference between the baseline and the 
follow-up was 2.85 (± 1.42). There's a statistically significant difference between the 
mean scores of resin infiltration at baseline and follow-up (P-value <.0001). Similarly, 
for resin infiltration with MI Paste®, the mean difference between the baseline and the 
follow-up was 2.5 (± 1.57). There's a statistically significant difference between the mean 
scores of resin infiltration with MI Paste® at baseline and follow-up (P-value <.0001). 
There’s no statistically significant difference between the mean differences between resin 
infiltration and resin infiltration with MI Paste® (P-value= 0.465). 
iv. Fluoride varnish vs. Fluoride varnish with MI Paste® 
 Table 6.4 shows the bivariate analysis that compares the Self-assessment for fluoride 
varnish vs. Fluoride varnish with MI Paste®. At the baseline, fluoride varnish mean score 
was 4.3 (±1.80), and fluoride varnish with MI Paste® mean score was 4.55 (±2.18). 
There’s no statistically significant difference between fluoride varnish and fluoride 
varnish with MI Paste® at baseline (P-value= 0.695).  At the follow-up, fluoride varnish 
mean score was 2.95 (±1.79), and fluoride varnish with MI Paste® mean score was 2.7 
(±1.97). There was no statistically significant difference between fluoride varnish and 
fluoride varnish with MI Paste® at follow-up (P-value= 0.677).  
In terms of fluoride varnish, the mean difference between the baseline and the 
follow-up was 1.35 (± 1.4). There’s a statistically significant difference between the 
mean scores of resin infiltration at baseline and follow-up (P-value <0.0004). Similarly, 
for fluoride varnish with MI Paste®, the mean difference between the baseline and the 
follow-up was 1.85 (± 1.84). There's a statistically significant difference between the 
mean scores of fluoride varnish with MI Paste® at baseline and follow-up (P-
value=0.0003). There’s no statistically significant difference between the mean 
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differences between fluoride varnish and fluoride varnish with MI Paste® (P-value= 
0.343)  
Table 6. Patients Self-Assessment 
Table 6.1: Difference in mean improvement scores between 
Resin infiltration vs. Fluoride varnish 
(Within-Subject Comparison) - N=20 
Assessment Point RI FV 
Mean Difference_ P-value * 
(Difference between treatments) 
Baseline 4.3 (± 2.36) 4.3 (± 1.80) 1.0000 
Follow up (4 - 6 weeks) 1.45 (± 1.39) 2.95 (± 1.79) 0.0004 
Mean Difference_ P-value 
(Difference between assessment Points) 
2.85 (± 1.42) 
<.0001 
1.35 (± 1.42) 
0.0004 
0.0001 
Table 6.2: Difference in mean improvement scores between 
RI with MI Paste® vs. Fluoride varnish with MI Paste® 
  (Within-Subject Comparison) - N=20 
Assessment Point 
RI +  
MI Paste® 
FV+  
MI Paste ® 
Mean Difference_ P-value * 
(Difference between treatments) 
Baseline 4.55 (± 2.28) 4.55 (± 2.18) 1.0000 
Follow up (4 - 6 weeks) 2.05 (± 2.16) 2.7 (± 1.97) 0.1084 
Mean Difference_ P-value 
(Difference between assessment Points) 
2.5 (± 1.57) 
<.0001 
1.85 (± 1.84) 
0.0003 
0.0671 
Table 6.3: Difference in mean improvement scores between 
Resin infiltration vs. Resin infiltration with MI Paste® 
(Between Subject Comparison) - N=20 
Assessment Point RI 
RI +  
MI Paste ® 
Mean Difference_ P-value # 
(Difference between treatments) 
Baseline 4.3 (± 2.36) 4.55 (± 2.28) 0.7355 
Follow up (4 - 6 weeks) 1.45 (± 1.39) 2.05 (± 2.16) 0.3038 
Mean Difference_ P-value 
(Difference between assessment Points) 
2.85 (± 1.42) 
<.0001 
2.5 (± 1.57) 
<.0001 
0.4653 
Table 6.4: Difference in mean improvement scores between 
Fluoride varnish vs. Fluoride varnish with MI Paste® 
(Between Subject Comparison) - N=20 
Assessment Point FV 
FV+  
MI Paste ® 
Mean Difference_ P-value # 
(Difference between treatments) 
Baseline 4.3 (± 1.80) 4.55 (± 2.18) 0.6959 
Follow up (4 - 6 weeks) 2.95 (± 1.79) 2.7 (± 1.97) 0.6774 
Mean Difference_ P-value 
(Difference between assessment Points) 
1.35 (± 1.42) 
0.0004 
1.85 (± 1.84) 
0.0003 
0.3432 
* Paired t-test, within subject evaluation 
 # Test with independent sample t-test, between subject evaluation 
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B. Expert Panel Assessment Results 
 
i. Resin infiltration vs. Fluoride varnish 
Table 7.1 shows the bivariate analysis that compares the expert panel assessment for resin 
infiltration and fluoride varnish. At the baseline, resin infiltration mean score was 3.4 (± 
1.93), and fluoride varnish mean score was 3.33 (± 1.83). There’s no statistically 
significant difference between resin infiltration and fluoride varnish at baseline (P-value= 
0.286). At the follow-up, resin infiltration mean score was 1.7 (± 1.56), and fluoride 
varnish mean score was 2.35 (± 1.68). There’s a statistically significant difference 
between resin infiltration and fluoride varnish at follow-up (<.0001).   
In terms of resin infiltration, the mean difference between the baseline and the 
follow-up was 1.7 (± 1.16). There’s a statistically significant difference between the 
mean scores of resin infiltration at baseline and follow-up (P-value <.0001). Similarly, 
for fluoride varnish, the mean difference between the baseline and the follow-up was 0.98 
(± 0.91). There's a statistically significant difference between the mean scores of fluoride 
varnish at baseline and follow-up (P-value <.0001). There was a statistically significant 
difference between the mean differences between resin infiltration and fluoride varnish. 
(P-value <.0001). 
ii. Resin infiltration with MI Paste® vs. Fluoride varnish with MI Paste® 
Table 7.2 shows the bivariate analysis that compares the expert panel assessment for resin 
infiltration with MI Paste® and fluoride varnish with MI Paste®. At the baseline, resin 
infiltration with MI Paste® mean score was 3.79 (± 2.24), and fluoride varnish with MI 
Paste® mean score was 3.725 (± 2.25). There’s no statistically significant difference 
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between resin infiltration with MI Paste® and fluoride varnish with MI Paste® at 
baseline (P-value= 0.326).  At the follow-up, resin infiltration with MI Paste® mean 
score was 2.13 (± 1.78), and fluoride varnish with MI Paste® mean score was 2.85 (± 
2.07). There’s a statistically significant difference between resin infiltration with MI 
Paste® and fluoride varnish with MI Paste® at follow-up (<.0001).  
In terms of resin infiltration with MI Paste®, the mean difference between the 
baseline and the follow-up was 1.65 (± 1.13). There's a statistically significant difference 
between the mean scores of resin infiltration with MI Paste® at baseline and follow-up 
(P-value <.0001). Similarly, for fluoride varnish with MI Paste®, the mean difference 
between the baseline and the follow-up was 0.86 (± 0.96). There's a statistically 
significant difference between the mean scores of fluoride varnish with MI Paste® at 
baseline and follow-up (P-value <.0001). There's a statistically significant difference 
between the mean differences between resin infiltration with MI Paste® and fluoride 
varnish with MI Paste®. (P-value <.0001). 
iii. Resin infiltration vs. Resin infiltration with MI Paste® 
Table 7.3 shows the bivariate analysis that compares the expert panel assessment for resin 
infiltration vs. resin infiltration with MI Paste®. At the baseline, resin infiltration mean 
score was 3.4 (± 1.93), and resin infiltration with MI Paste® mean score was 3.79 (± 
2.24). There’s no statistical significant difference between resin infiltration and resin 
infiltration with MI Paste® at baseline (P-value=0.148).  At the follow-up, resin 
infiltration mean score was 1.7 (± 1.56), and resin infiltration with MI Paste® mean score 
was 2.13 (± 1.78), There’s a statistically significant difference between resin infiltration 
and resin infiltration with MI Paste® at follow-up (P-value=0.046).  
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In terms of resin infiltration, the mean difference between the baseline and the 
follow-up was 1.7 (± 1.16). There's a statistically significant difference between the mean 
scores of resin infiltration at baseline and follow-up (P-value <.0001). Similarly, for resin 
infiltration with MI Paste®, the mean difference between the baseline and the follow-up 
was 1.65 (± 1.13). There's a statistically significant difference between the mean scores of 
resin infiltration with MI Paste® at baseline and follow-up (P-value <.0001). There’s no 
statistically significant difference between the mean differences between resin infiltration 
and resin infiltration with MI Paste® (P-value= 0.779).  
iv. Fluoride varnish vs. Fluoride varnish with MI Paste® 
Table 7.4 shows the bivariate analysis that compares the expert panel assessment for 
fluoride varnish vs. fluoride varnish with MI Paste®. At the baseline, fluoride varnish 
mean score was 3.33 (± 1.83), and fluoride varnish with MI Paste® mean score was 
3.725 (± 2.25). There’s no statistically significant difference between fluoride varnish and 
fluoride varnish with MI Paste® at baseline (P-value=0.141).  At the follow-up, fluoride 
varnish mean score was 2.35 (± 1.68), and fluoride varnish with MI Paste® mean score 
was 2.85 (± 2.07). There’s a statistically significant difference between fluoride varnish 
and fluoride varnish with MI Paste® at follow-up (P-value=0.038).  
In terms of fluoride varnish, the mean difference between the baseline and the 
follow-up was 0.98 (± 0.91). There was a statistically significant difference between the 
mean scores of resin infiltration at baseline and follow-up (P-value <.0001). Similarly, 
for fluoride varnish with MI Paste®, the mean difference between the baseline and the 
follow-up was 0.86 (± 0.96). There was a statistically significant difference between the 
mean scores of fluoride varnish with MI Paste® at baseline and follow-up (P-value 
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<.0001). There was no statistically significant difference between the mean differences 
between fluoride varnish and fluoride varnish with MI Paste® (P-value= 0.339).  
* Paired t-test, within subject evaluation 
# T-test, between subject evaluation
    Table 7. Expert Panel Assessment 
Table 7.1: Difference in mean improvement scores between 
Resin infiltration vs. Fluoride varnish 
(Within-Subject Comparison) - N=20 
Assessment Point RI FV 
Mean Difference_ P-value *  
(Difference between treatments) 
Baseline 3.4 (± 1.93) 3.33 (± 1.83) 0.2869 
Follow up (4 - 6 weeks) 1.7 (± 1.56) 2.35 (± 1.68) <.0001 
Mean Difference_ P-value  
(Difference between assessment Points) 
1.7 (± 1.16)  
<.0001 
0.98 (± 0.91)  
<.0001 
<.0001 
Table 7.2: Difference in mean improvement scores between 
Resin infiltration with MI Paste® vs. Fluoride varnish with MI Paste® 
(Within-Subject Comparison) - N=20 
Assessment Point 
RI +  
MI Paste® 
FV +  
MI Paste® 
Mean Difference_ P-value *  
(Difference between treatments) 
Baseline 3.79 (± 2.24) 3.72 (± 2.25) 0.3268 
Follow up (4 - 6 weeks) 2.13 (± 1.78) 2.85 (± 2.07) <.0001 
Mean Difference_ P-value  
(Difference between assessment Points) 
1.65 (± 1.13)  
<.0001 
0.86 (± 0.96)  
<.0001 
<.0001 
Table 7.3: Difference in mean improvement scores between 
Resin infiltration vs. Resin infiltration with MI Paste® 
(Between Subject Comparison) - N=20 
Assessment Point RI 
RI +  
MI Paste® 
Mean Difference_ P-value # 
(Difference between treatments) 
Baseline 3.4 (± 1.93) 3.79 (± 2.24) 0.1489 
Follow up (4 - 6 weeks) 1.7 (± 1.56) 2.13 (± 1.78) 0.0464 
Mean Difference_ P-value  
(Difference between assessment Points) 
1.7 (± 1.16)  
<.0001 
1.65 (± 1.13)  
<.0001 
0.7790 
Table 7.4: Difference in mean improvement scores between 
Fluoride varnish vs. Fluoride varnish with MI Paste® 
(Between Subject Comparison) - N=20 
Assessment Point FV 
FV + 
MI Paste® 
Mean Difference_ P-value # 
(Difference between treatments) 
Baseline 3.33 (± 1.83) 3.72 (± 2.25) 0.1411 
Follow up (4 - 6 weeks) 2.35 (± 1.68) 2.85 (± 2.07) 0.0380 
Mean Difference_ P-value  
(Difference between assessment Points) 
0.98 (± 0.91)  
<.0001 
0.86 (± 0.96)  
<.0001 
0.3391 
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C. Clinical caries assessment 
 
i. Resin infiltration vs. Fluoride varnish 
Table 8.1 shows the bivariate analysis that compares the ICDAS scoring assessment for 
resin infiltration and fluoride varnish. At baseline, the resin infiltration mean score was 
1.85 (± 0.43), and the fluoride varnish mean score was 1.88 (± 0.42). There was no 
statistically significant difference between resin infiltration and fluoride varnish at 
baseline (P-value=0.705).  At follow-up, the resin infiltration mean score was 1.40 
(±0.51), and the fluoride varnish mean score was 1.78 (± 0.46). There was a statistically 
significant difference between resin infiltration and fluoride varnish at follow-up 
(0.0003).  
In terms of resin infiltration, the mean difference between baseline and follow-up 
was 0.45 (± 0.37). There was a statistically significant difference between the mean 
scores of resin infiltration at baseline and follow-up (P-value <.0001). Similarly, for 
fluoride varnish, the mean difference between baseline and follow-up was 0.1 (± 0.19). 
There was a statistically significant difference between the mean scores of fluoride 
varnish at baseline and follow-up (P-value=0.029). There was a statistically significant 
difference between the mean differences between resin infiltration and fluoride varnish 
(P-value= 0.0004). 
ii. Resin infiltration with MI Paste® vs. Fluoride varnish with MI Paste® 
Table 8.2 shows the bivariate analysis that compares the ICDAS scoring assessment for 
resin infiltration with MI Paste® and fluoride varnish with MI Paste®. At the baseline, 
resin infiltration with MI Paste® mean score was 1.88 (± 0.32), and fluoride varnish with 
MI Paste® mean score was 1.95 (± 0.42). There was no statistically significant difference 
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between resin infiltration with MI Paste® and fluoride varnish with MI Paste® at 
baseline (P-value=0.296).  At follow-up, the resin infiltration with MI Paste® mean score 
was 1.36 (± 0.49), and the fluoride varnish with MI Paste® mean score was 1.85 (± 0.39). 
There was a statistically significant difference between the resin infiltration with MI 
Paste® and the fluoride varnish with MI Paste® at follow-up (P-value<.0001).   
In terms of resin infiltration with MI Paste®, the mean difference between 
baseline and follow-up was 0.51 (± 0.41). There was a statistically significant difference 
between the mean scores of resin infiltration with MI Paste® at baseline and follow-up 
(P-value <.0001). For fluoride varnish with MI Paste®, the mean difference between 
baseline and follow-up was 0.1 (± 0.26). There was no statistically significant difference 
between the mean scores of fluoride varnish with MI Paste® at baseline and follow-up (P 
value= 0.110). There was a statistically significant difference between the mean 
differences between resin infiltration with MI Paste® and fluoride varnish with MI 
Paste® (P-value= 0.001). 
iii. Resin infiltration vs. Resin infiltration with MI Paste® 
Table 8.3 shows the bivariate analysis that compares the ICDAS scoring assessment for 
resin infiltration vs. resin infiltration with MI Paste®. At the baseline, the resin 
infiltration mean score was 1.85 (± 0.43), and the resin infiltration with MI Paste® mean 
score was 1.88 (± 0.32). There was no statistically significant difference between resin 
infiltration and resin infiltration with MI Paste® at baseline (p-value= 0.7874).  At 
follow-up, the resin infiltration mean score was 1.40 (±0.51), and the resin infiltration 
with MI Paste® mean score was 1.36 (± 0.49). There was no statistically significant 
difference between resin infiltration and resin infiltration with MI Paste® at follow-up (p-
value=0.8356).  
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In terms of resin infiltration, the mean difference between baseline and follow-up 
was 0.45 (± 0.37).  There was a statistically significant difference between the mean 
scores of resin infiltration at baseline and follow-up (P-value <.0001). Similarly, for resin 
infiltration with MI Paste®, the mean difference between baseline and follow-up was 
0.51 (± 0.41). There was a statistically significant difference between the mean scores of 
resin infiltration with MI Paste® at baseline and follow-up (P-value<.0001). There was 
no statistically significant difference between the mean differences between resin 
infiltration and resin infiltration with MI Paste® (P-value= 0.597). 
iv. Fluoride varnish vs. Fluoride varnish with MI Paste® 
Table 8.4 shows the bivariate analysis that compares the ICDAS scoring assessment for 
fluoride varnish vs. fluoride varnish with MI Paste®. At baseline, the mean fluoride 
varnish score was 1.88 (± 0.42), and the mean fluoride varnish with MI Paste® mean 
score was 1.95 (± 0.42). There was no statistically significant difference between fluoride 
varnish and fluoride varnish with MI Paste® at baseline (P-value=0.620).  At follow-up, 
the mean fluoride varnish score was 1.78 (± 0.46), and the mean fluoride varnish with MI 
Paste® score was 1.85 (± 0.39). There was no statistically significant difference between 
fluoride varnish and fluoride varnish with MI Paste® at follow-up (P-value=0.620).  
In terms of fluoride varnish, the mean difference between baseline and follow-up 
was 0.1 (± 0.19). There was a statistically significant difference between the mean scores 
of fluoride varnish at baseline and follow-up (P-value =0.029). For fluoride varnish with 
MI Paste®, the mean difference between baseline and follow-up was 0.1 (± 0.26). There 
was a statistically significant difference between the mean scores of fluoride varnish with 
MI Paste® at baseline and follow-up (P-value=0.110). There was no statistically 
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significant difference between the mean differences between fluoride varnish and fluoride 
varnish with MI Paste® (P-value= 1.00).  
Table 8. Clinical caries assessment 
Table 8.1: Difference in ICDAS scores between 
Resin infiltration vs. Fluoride varnish 
(Within Subject Comparison) - N=20 
Assessment Point RI FV 
Mean Difference_ P-value * 
(Difference between treatments) 
Baseline 1.85 (± 0.43) 1.88 (± 0.42) 0.7054 
Follow up (4 - 6 weeks) 1.40 (±0.51) 1.78 (± 0.46) 0.0003 
Mean Difference_ P-value  
(Difference between assessment Points) 
0.45 (± 0.37)  
<.0001 
0.1 (± 0.19) 
 0.0298 
0.0004 
Table 8.2: Difference in ICDAS scores between 
Resin infiltration with MI Paste® vs. Fluoride varnish with MI Paste® 
(Within Subject Comparison) - N=20 
Assessment Point 
RI +  
MI Paste® 
FV +  
MI Paste® 
Mean Difference_ P-value * 
(Difference between treatments) 
Baseline 1.88 (± 0.32) 1.95 (± 0.42) 0.2967 
Follow up (4 - 6 weeks) 1.36 (± 0.49) 1.85 (± 0.39) <.0001 
Mean Difference_ P-value  
(Difference between assessment Points) 
0.51 (± 0.41)  
<.0001 
0.1 (± 0.26)  
0.1105 
0.0013 
Table 8.3: Difference in ICDAS scores between 
Resin infiltration vs. Resin infiltration with MI Paste® 
(Between Subject Comparison) - N=20 
Assessment Point RI 
RI +  
MI Paste® 
Mean Difference_ P-value # 
(Difference between treatments) 
Baseline 1.85 (± 0.43) 1.88 (± 0.32) 0.7874 
Follow up (4 - 6 weeks) 1.40 (±0.51) 1.36 (± 0.49) 0.8356 
Mean Difference_ P-value  
(Difference between assessment Points) 
0.45 (± 0.37)  
<.0001 
0.51 (± 0.41)  
<.0001 
0.5971 
Table 8.4: Difference in ICDAS scores between 
Fluoride varnish vs. Fluoride varnish with MI Paste® 
(Between Subject Comparison) - N=20 
Assessment Point FV 
FV +  
MI Paste® 
Mean Difference_ P-value # 
(Difference between treatments) 
Baseline 1.88 (± 0.42) 1.95 (± 0.42) 0.6208 
Follow up (4 - 6 weeks) 1.78 (± 0.46) 1.85 (± 0.39) 0.6208 
Mean Difference_ P-value  
(Difference between assessment Points) 
0.1 (± 0.19)  
0.0298 
0.1 (± 0.26)  
0.1105 
1.0000 
 
* Paired t-test, within subject evaluation 
# T-test, between subject evaluation
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D.  Actual size assessment results 
 
i. Resin infiltration vs. Fluoride varnish 
Table 9.1 shows the bivariate analysis that compares the objective assessment for resin 
infiltration and fluoride varnish. At the baseline, the mean resin infiltration score was 
0.33 (± 0.22), and the mean fluoride varnish score was 0.28 (±0.18). There was no 
significant difference between resin infiltration and fluoride varnish at baseline (P-value= 
0.290).  At follow-up, resin the mean infiltration score was 0.25 (± 0.24), and the mean 
fluoride varnish score was 0.27 (±0.197). There was no significant difference between 
resin infiltration and fluoride varnish at follow-up (P-value= 0.771).  
In terms of resin infiltration, the mean difference between baseline and follow-up 
was 0.08 (± 0.12). There was a statistically significant difference between the mean 
scores of resin infiltration at baseline and follow-up (P-value =0.009). Similarly, for 
fluoride varnish, the mean difference between baseline and follow-up was 0.014 (± 0.08). 
There was no statistically significant difference between the mean scores of fluoride 
varnish at baseline and follow-up (P-value=0.454). There was a statistically significant 
difference between the mean differences between resin infiltration and fluoride varnish 
(P-value= 0.032). 
ii. Resin infiltration with MI Paste® vs. Fluoride varnish with MI Paste® 
Table 9.2 shows the bivariate analysis that compares the objective assessment for resin 
infiltration with MI Paste® and fluoride varnish with MI Paste®. At baseline, the mean 
resin infiltration with MI Paste® score was 0.37 (±0.18), and the mean fluoride varnish 
with MI Paste® score was 0.31 (±0.23). There was a statistically significant difference 
between resin infiltration with MI Paste® and fluoride varnish with MI Paste® at 
  62
baseline (P-value= 0.052).  At follow-up, the mean resin infiltration with MI Paste® 
score was 0.27 (±0.19), and the mean fluoride varnish with MI Paste® score was 0.29 
(±0.22). There was no statistically significant difference between resin infiltration with 
MI Paste® and fluoride varnish with MI Paste® at follow-up (P-value= 0.755).  
In terms of resin infiltration with MI Paste®, the mean difference between 
baseline and follow-up was 0.09 (± 0.17). There was a statistically significant difference 
between the mean scores of resin infiltration with MI Paste® at baseline and follow-up 
(P-value =0.020). For fluoride varnish with MI Paste®, the mean difference between 
baseline and follow-up was 0.019 (± 0.10). There was no statistically significant 
difference between the mean scores of fluoride varnish with MI Paste® at baseline and 
follow-up (P-value=0.431). There was no statistically significant difference between the 
mean differences between resin infiltration with MI Paste® and fluoride varnish with MI 
Paste® (P-value= 0.104). 
iii. Resin infiltration vs. Resin infiltration with MI Paste® 
Table 9.3 shows the bivariate analysis that compares the objective assessment for resin 
infiltration vs. resin infiltration with MI Paste®. At baseline, the mean resin infiltration 
score was 0.33 (±0.22), and the mean resin infiltration with MI Paste® score was 0.37 
(±0.18). There was no statistically significant difference between resin infiltration and 
resin infiltration with MI Paste® at baseline (P-value= 0.571).  At follow-up, the mean 
resin infiltration score was 0.25 (±0.24), and the mean resin infiltration with MI Paste® 
score was 0.27 (±0.19). There was no statistically significant difference between resin 
infiltration and resin infiltration with MI Paste® at follow-up (P-value=0.764).  
In terms of resin infiltration, the mean difference between baseline and follow-up was 
0.08 (± 0.12). There was a statistically significant difference between the mean scores of 
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resin infiltration at baseline and follow-up (P-value =0.009). Similarly, for resin 
infiltration with MI Paste®, the mean difference between baseline and follow-up was 
0.09 (± 0.17). There was a statistically significant difference between the mean scores of 
resin infiltration with MI Paste® at baseline and follow-up (P-value=0.020). There was 
no statistically significant difference between the mean differences between resin 
infiltration and resin infiltration with MI Paste® (P-value= 0.738). 
iv. Fluoride varnish vs. Fluoride varnish with MI Paste® 
Table 9.4 shows the bivariate analysis that compares the objective assessment for fluoride 
varnish vs. fluoride varnish with MI Paste®. At baseline, the mean fluoride varnish score 
was 0.28 (±0.18), and the mean fluoride varnish with MI Paste® score was 0.31 (±0.23). 
There was no statistically significant difference between fluoride varnish and fluoride 
varnish with MI Paste® at baseline (P-value= 0.712).  At follow-up, the mean fluoride 
varnish score was 0.27 (±0.19), and the mean fluoride varnish with MI Paste® score was 
0.29 (±0.22). There was no statistically significant difference between fluoride varnish 
and fluoride varnish with MI Paste® at follow-up (P-value= 0.762).  
In terms of fluoride varnish, the mean difference between baseline and follow-up 
was 0.01 (± 0.08). There was no statistically significant difference between the mean 
scores of resin infiltration at baseline and follow-up (P-value = 0.454). Similarly, for 
fluoride varnish with MI Paste®, the mean difference between baseline and follow-up 
was 0.019 (± 0.10). There was no statistically significant difference between the mean 
scores of fluoride varnish with MI Paste® at baseline and follow-up (P-value=0.431). 
There also was no statistically significant difference between the mean differences 
between fluoride varnish and fluoride varnish with MI Paste® (P-value= 0.892) 
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Table 9. Actual Lesion Size Assessment  
Table 9.1: Difference in mean improvement scores between 
Resin infiltration vs. Fluoride varnish 
(Within-Subject Comparison) - N=20 
Assessment Point  
RI 
 
FV 
Mean Difference_ P-value * 
(Difference between treatments) 
Baseline 0.33 (± 0.22) 0.28 (± 0.18) 0.2905 
Follow up (4 - 6 weeks) 0.25 (± 0.24) 0.27 (± 0.19) 0.7713 
Mean Difference_ P-value  
(Difference between assessment Points) 
0.08 (± 0.12) 
0.009 
0.014 (± 0.08) 
0.4546 
0.0329 
Table 9.2: Difference in mean improvement scores between 
Resin infiltration with MI Paste® vs. Fluoride varnish with MI Paste® 
(Within-Subject Comparison) - N=20 
Assessment Point RI + 
MI Paste® 
FV + 
MI Paste ® 
Mean Difference_ P-value * 
(Difference between treatments) 
Baseline 0.37 (± 0.18) 0.31 (± 0.23) 0.0524 
Follow up (4 - 6 weeks) 0.27 (± 0.19) 0.29 (± 0.22) 0.7559 
Mean Difference_ P-value  
(Difference between assessment Points) 
0.09 (± 0.17) 
0.0208 
0.019 (± 0.10) 
0.4313 
0.1040 
Table 9.3: Difference in mean improvement scores between 
Resin infiltration vs. Resin infiltration with MI Paste® 
(Between Subject Comparison) - N=20 
Assessment Point  
RI 
RI+ 
MI Paste ® 
Mean Difference_ P-value # 
(Difference between treatments) 
Baseline 0.33 (± 0.22) 0.37 (± 0.18) 0.5712 
Follow up (4 - 6 weeks) 0.25 (± 0.24) 0.27 (± 0.19) 0.7640 
Mean Difference_ P-value  
(Difference between assessment Points) 
0.08 (± 0.12) 
0.009 
0.09 (± 0.17) 
0.0208 
0.7384 
Table 9.4: Difference in mean improvement scores between 
Fluoride varnish vs. Fluoride varnish with MI Paste® 
(Between Subject Comparison) - N=20 
 
Assessment Point 
 
FV 
FV + 
MI Paste ® 
Mean Difference_ P-value # 
(Difference between treatments) 
Baseline 0.28 (± 0.18) 0.31 (± 0.23) 0.7127 
Follow up (4 - 6 weeks) 0.27 (± 0.19) 0.29 (± 0.22) 0.7621 
Mean Difference_ P-value  
(Difference between assessment Points) 
0.01 (± 0.08) 
0.4546 
0.01 (± 0.10) 
0.4313 
0.8924 
* Paired t-test, within subject evaluation 
# T-test, between subject evaluation
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DISCUSSION 
Although there have been many efforts to enhance oral hygiene practice among 
orthodontic patients, white spot lesions remain a problem in orthodontic treatment. 
Currently, there are several options for treating orthodontic patients. Some of the standard 
treatment options entail non-invasive, compliance driven techniques that include the use 
of fluoride and CPP-ACP in addition to more invasive options such as restorative 
treatment and micro-abrasion.  
Resin infiltration is a new treatment technique such as, which is believed to be a 
unique treatment option for orthodontic patients. Additionally, resin infiltration is not 
dependent on patient compliance. Preventing caries progression is important in the initial 
stage because there is a high level of cavitation in the early stages. It is not possible to 
reverse the lesion once the cavitation has occurred (Martignon, Ekstrand and Ellwood 
2006). As a result, postponing treatment or observing incipient caries is not the best 
option. 
This study focused mainly on resin-infiltration, fluoride-vanish, and MI Paste® 
both singly and together because they are frequently used materials. Notably, studies 
show that such materials positively affect the smooth surface of WSL. 
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Inclusion and Exclusion Criteria 
From the beginning, the choice made to only include patients who were 12 years and 
above was advantageous because it allowed patients to adhere to the home treatment 
protocol. Secondly, the exclusion of patients who are allergic to bovine milk was 
appropriate, as MI Paste® (CPP-ACP) contains this ingredient.  
No patients who were screened reported any form of the above allergy nor 
showed any allergy based on the clinical report. Moreover, excluding of patients who 
were already under another remineralization treatment ensured that the effects observed 
would be associated only with the form of therapy understudy.  
The decision that allowed at least one WSL of a facial area of maxillary anterior 
teeth was necessary because it substantially helped to ensure that the lesion was 
orthodontically linked and could easily be accessed for examination. At the same time, 
the maxillary anterior teeth are esthetic areas, making them the appropriate teeth to target 
in this study.  
Every patient had a surface of decalcification and formation of white spot that 
was visible, making it possible to examine all the teeth. Nevertheless, there was variation 
in areas and severity of white-spots between patients.  
 
Patient Recruitment  
Observably, it was important to recruit patients at deband appointment because the 
delivery of Hawley retainers is about 4-6 weeks after the deband when the follow-up 
appointment was scheduled. Moreover, it was very necessary for patients to be enrolled 
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at deband appointment when the gathering of plaque and limitation in cleaning is first 
eliminated. 
 
Baseline Comparison of Lesion Areas (Within and Between Subjects) 
In comparing white spot lesion area at baseline, no significant difference was found 
between the MI Paste® present group and MI Paste® absent group in all assessment 
methods, except for the MI Paste® present group for the actual size assessment. This 
indicates that the random assigning of patients to each group produced groups with 
similar characteristics at baseline in terms of lesion areas.
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Follow-Up Comparison of Lesion Areas (Within Subjects) 
In comparing white spot lesion area at one-month follow-up, a statistically significant 
difference was found between resin infiltration and fluoride varnish among the MI 
Paste® absent group and MI Paste® present group across the four assessment methods, 
with a greater mean difference in the resin infiltration group between baseline and 
follow-up. This indicates that resin infiltration is more efficacious in improving the 
appearance of white spot lesions over one-month period as compared to fluoride varnish. 
This is the major finding from this clinical study.  
These clinical findings can be explained by the mechanism as well as the 
longevity of action of resin infiltration. Resin infiltration (ICON®) does not remineralize 
the lesion, but only fills in the porous lesion, which helps in maintaining the natural 
features of a tooth.  The clinical findings showed that lesions that were treated using 
resin-infiltration substantially prevented caries progression and improved in appearance, 
which were in agreement with many of the studies that had been reviewed (Ekstrand, 
Bakhshandeh and Martignon 2010, Paris and Meyer-Lueckel 2010b, Meyer-Lueckel et 
al. 2011, Paris, Hopfenmuller and Meyer-Lueckel 2010).  
Resin infiltration (ICON®) lacks any solvent. This makes it impossible for the 
substances to go through enamel pores by forming homogenous layers of occlusion that 
bars both nutrients and organic acids from penetrating the enamel pores to reach the 
lesion, which may cause caries progression (Paris and Meyer-Lueckel 2010a).   
At the same time, the technique of application also enhances its effectiveness through the 
removal of the surface layer that prevents its deeper penetration by etching the enamel by 
15% hydrochloric acid for about 2 minutes. Homogeneity and deep penetration of resin 
infiltration play an important role in ensuring the formation of leak-proof seal that 
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significantly prevents progression of caries (Addison, Fleming and Marquis 2003, Meyer-
Lueckel and Paris 2008). 
Calcium fluoride, on the other hand, is formed on the tooth surface when fluoride 
varnish is used. The fluoride ions that are released during the process prevent the 
progression of caries while at the same time remineralize incipient carious lesions 
through the formation of the fluorapatite crystal. The fluoride varnish is only 
administered once but is gradually removed through brushing. Consequently, it does not 
have a long-term effect. The effect is only superficial, and the surface remains porous, 
which may lead to caries progression (Peyron, Matsson and Birkhed 1992), particularly 
in active lesions.  
Each method (resin infiltration, fluoride varnish, resin infiltration with MI 
Paste®, and fluoride varnish with MI Paste®) revealed a significant difference between 
the mean scores at baseline and follow-up across all measurement assessments methods 
over a one-month period, except for fluoride varnish and fluoride varnish with MI Paste® 
when using the actual size assessment.  
Most of the actual size lesion assessment findings, using Genius PenSketch 
M912A Graphic Tablet, were not statistically significant compared to the other 
assessment methods. This could be explained by the fact that the other measurement 
assessments a) self-assessment, B) expert assessment, and C) clinical caries assessment 
(ICDAS) rely on the visual assessment, which allows for the recognition of WSL color 
change regardless of the measurement of the lesion circumference, whereas the actual 
size assessment, using Genius PenSketch M912A Graphic Tablet, rely on measurement 
of the lesion circumference regardless of the color change. See figure 14. 
  70
 
Figure 14. Before and after treatment 
Therefore, the findings of this study reveal that resin-filtration and fluoride varnish, when 
used with or without MI Paste®, can lead to substantial appearance enhancement in WSL 
within a period of one month. However, resin-infiltration with or without MI Paste® is 
more effective in comparison to fluoride varnish with or without MI Paste®.
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Follow-Up Comparison of Lesion Areas (Between Subjects) 
In comparing the effect (interaction) of resin infiltration versus fluoride varnish with MI 
Paste® absent, Group A - Group B, and MI Paste® present, Group C - Group D, no 
statistically significant differences were found across the four measurement assessments.  
Similarly, there were no statistically significant differences between resin infiltration with 
or without MI Paste®, nor between fluoride varnish with or without MI Paste®.  
The fluoride varnish findings of this study are in agreement with previous clinical 
trials. A recent randomized clinical trial was conducted to compare CPP-ACP with 
fluoride paste, using a control paste and fluorescence images to measure WSL regression. 
According to the findings of the study, there was no significant change in the size of 
lesions at 6 and 12 weeks between the groups (Beerens et al. 2010a). Consequently, 
researchers of the trial concluded that there was no clinical advantage to the use of CPP-
ACP with fluoride paste in addition to normal oral hygiene in a period of 12 weeks.  
At the same time, a randomized trial was carried out in Europe where 60 healthy 
adolescents with a minimum of one WSL received CPP-ACP or fluoride toothpaste 
(Bröchner et al. 2011). The intervention period during the trial was four weeks, and the 
assessment was by visual scoring (Gorelick scale) that was obtained from digital 
photographs, and by quantitative laser fluorescence. The difference between the CPP-
ACP and the control group was not significant.  
There was another randomized clinical trial that compared WSL with low-fluoride 
mouth rinse to the people treated using non-fluoride mouth rinse (Willmot 2004). Based 
on the findings of the study, the lesion size decreased by around 40% among patients 
within the treated group and by about 51.5% among patients in the control group. The 
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results of the trial showed that there was no significant benefit associated with low-level 
fluoride.  
On the contrary, a large number of randomized clinical trials found positive 
effects of supplementary fluoride or CPP-ACP. For instance, one trial revealed that a 
highly-saturated fluoride varnish is efficient when it comes to reversing WSLs within a 
period of three and six months after debanding has taken place (Du et al. 2012b). 
There was also another trial that focused on comparing patients who were 
utilizing fluoridated chewing sticks laced with 0.5% sodium fluoride with patients who 
were not using the fluoridated chewing stick (Baeshen, Lingström and Birkhed 2011). 
Researcher of the study found that there were substantial remineralization effects of 
WSLs associated with fluoridated chewing sticks in comparison to the control group 
within a period of six weeks.  Moreover, a randomized clinical trial assessed the 
regression of WSLs during the early period of orthodontic treatment where MI Paste® 
was found to substantially lower WSLs when compared with placebo paste (Robertson et 
al. 2011). Finally, the study that compared CPP-ACP  with 0.5% sodium fluoride 
mouthwash, as well as fluoridated dentifrice combination, showed that patients in both 
the groups experienced significant improvement (Andersson et al. 2007). 
In evaluating the overall effect of MI Paste®, that is, no MI Paste®, Group A+ 
Group B, versus MI Paste®, Group C+ Group D, no statistically significant difference 
was found across the four assessment methods.  The findings of this evaluation indicates 
that MI Paste® didn’t have a substantial effect in improving the appearance of white spot 
lesions in our sample.  These findings are in agreement with a prospective clinical trial 
(Bröchner et al. 2011) that used non-fluoridated CPP-ACP paste that found WSL 
regression to be comparable with traditional toothpaste after a 4-week treatment period.  
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On the contrary, one of the first clinical trials of CPP-ACP that randomized 45 
young patients to as 10% CPP-APC or control group (Bailey et al. 2009),  found that 31% 
of WSLs had regressed through the use of remineralizing paste in comparison to the 
placebo. The contradictory results of these clinical trials may be related to the method of 
assessment of WSL regression. The Bröchner groups used an objective assessment based 
on QLF computer imaging of teeth, whereas the Bailey group used visual inspection 
method to rate WSLs.  
 
Strength of the Study  
There were numerous strengths that could be associated with this study. First, the study 
design was in the form of a randomized controlled trial, and the outcome, WSL 
appearance improvement, was relevant to the patients. The selected groups were also 
comparable and had no statistically significant differences during the enrollment for age, 
sex, race, education as well as the initial severity at baseline.  
Based on the assessment method used, we utilized some judges and various 
methods to investigate enhancement over the period of 4-6 weeks. Not only did we 
choose this period because of the expectation of substantial change, but also to minimize 
potential loss to follow-up.  
The actual lesion size assessment was based on assessment of a proportional 
change in the affected surface areas in comparison to the whole surface area of both 
upper incisors and canines. Many of the studies reviewed used proportional (Willmot 
2004, Wu et al. 2010, Chapman et al. 2010b, Edward Benson, Ali Shah and Robert 
Willmot 2005, Kanthathas, Willmot and Benson 2005) instead of absolute measurement 
of size (Livas et al. 2008, Benson, Ali Shah and Robert Willmot 2008). Also, use of 
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proportional change may be advantageous due to differences in magnification as well as 
angulations of teeth. 
Finally, to assess adequately the level of improvement, we thought it would be 
best to have dentists (experts panel), as well as the study patient (self-assessment), assess 
the level of improvement.  This was important because it captures the changes perceived 
by the patients and as well as by their dentists.   
 
Potential Errors and Limitations  
Like any other study, some challenges were encountered during this study. Some of the 
sources of potential error included: 1) The split mouth design.  It is assumed that a 
crossover effect (aka carry over effect) will occur. To minimize this effect in our study, 
we applied the resin infiltration first. Thereby, we would minimize the effect of fluoride 
varnish leakage effect to the other side.  2) Recruiting a larger sample size. However, this 
would require a lot of time to be done effectively, 3) Despite giving detailed oral and 
written instructions, and sending daily text messages, with a website link to present the 
written instructions, figure 15 & 16, it was difficult to determine whether patients 
complied with the use of MI Paste®, especially based on their poor history of 
compliance.  
Finally, the time span of this study (4-6 weeks) may be too short to detect active 
lesion regression using fluoride varnish with MI Paste®. The efficacy of these products, 
fluoride varnish with MI Paste®, needs to be proven in long-term clinical trials to prove 
that they would protect the WSLs from further demineralization (Beerens et al. 2010a). 
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Figure 15. Reminder text message 
 
Figure 16. MI Paste® application instruction 
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Clinical Application 
The study generated some useful findings that are applicable in the clinic. Firstly, all 
treatment groups demonstrated substantial reduction in visible white spots surface areas. 
This finding is important because it enables patients to know the potential significant 
improvement in WSL after undergoing orthodontic treatment using treatments included 
in this study.  
Secondly, despite the fact that the result of this study did not find any significant 
difference between treatments with and without MI Paste®, based on clinically visible 
results, it became clear that the treatment that includes at home MI Paste® may be more 
useful. To such extent, it may be used in lowering visible WSL in comparison to the 
treatment without MI Paste®. 
 
Future Project 
It is possible for future studies to investigate the same treatments using a larger sample 
size. The use of large sample can help in reducing errors, making the results more 
accurate. At the same, conducting the same study for a longer period can be beneficial. 
However, it may be challenging due to time constraint.  
 
Conclusion 
The study helped in showing how resin infiltration and fluoride varnish significantly 
reduce the WSL size in one-month period, leading to the improvement of aesthetic 
appearance. At the same time, the study has demonstrated the effectiveness of resin 
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infiltration and how it can be used as desirable treatment option. Contrary to fluoride and 
CPP-APC, resin-infiltration does not remineralize the lesion, but it only fills in the porous 
lesion, which helps in maintaining the natural features of a tooth. Hence, resin-infiltration 
is the best treatment option for people with poor oral hygiene, especially non-compliant 
patients.
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